|0

Coastal Zone ]
Information
Center

Environmental

Council on
Quality
19?9

\




)& 10

COASTAL ZONE
INFORMATION CENTER

» The GOOd NQWS %%%Ii?glrugrrllental
About Energy v

U.S. DEPARTMENT OF COMMERCE NOA#
3 COASTAL SERVICES CENTER
— 2234 SOUTH HOBSON AVENUE
X - CHARLESTON, SC 29405-7413
N 0 ‘
A
o oo
©
~NEDSY
| §4§ ;j:_ = Property of CSC Library
A =
3 A
‘ L
2
N
I



wnpwd .y 220 Im wrwngendd

For sale by the Superintendent of Documents, U.S. (3overnment Printing Offico
washington, D.C. 20402

Stock Number 041-011-00044-1



EXECUTIVE OFFICE OF THE PRESIDENT

COUNC!L ON ENVIRONMENTAL QUALITY
722 JACKSON PLACE, N. W. !
WASHINGTON, D. C. 20008

Like many others, the Council on Environmental Quality is conéerned
abéut‘the possible environmental impacts of continuing our historically
high rates bf energy growth. Projected to the turn of the cenfury,
these impacts could prove unécceptable to a major segmeﬁ£ of the American
people. Spurred by this concerﬁ, we undertook several ﬁonths ago to
investigate the potential fér achieving lower energy growth in the
United States and the implications of this low energy growth for the
economy, the eﬁvironment aﬁd government policy. | |

Our overall conclusion, describéd in detail in the following report,
is that the United States can do well, indeed prosper, on much less
energy than has beeﬁ éommoniy supposed. The principal basis for this
good news is the accumulating evidence that the means are available to
wring far more consumer goods and services out of each unit of fuel that
we use, whether it be a barrel of oil or é ton of‘coalkor-uranium.

The techqology to increase greatly the Eroduct;ﬁigz_of the U S.
energy system is at hand. It is also economical. Improvéd housing con-
struction can save the homeowner several dollars for every deollar
judiciously invested in.ﬁaking the héuse more energy efficient. Automobile
users ﬁan eéonomically reduce fuel coéts'by 50‘perc¢nt or more by seleéting
vehicles with more efficient designs.‘ Waste heat‘recovery éystems'
available to industry today can often provide a 30 to 50 peréent per

year return on investment.



Enel;gy productivity, as discussed 1n ‘tﬁe“fc;llowing repoft,‘ thus
refers to getting more from the energy we use, not to a back-to-the-caves
reduction in amenities. It means-mdfe efficient and durable products
and builaings: éutomobilés with higher fugl‘ecdnomy, household appli-
ances with.improved deéigné to redﬁée'energf conéumption,-énd tuildings
with substantiai amouﬁts of thérmal‘insuiation and more efficient heating
aﬁd air conditioning systemé; And it means plaéing greatervemphasis by
industry dn.the:cogeneration of eiectricity and process steam, and on
the development of_néw,umére efficient industrial processes.

Tﬁe's;udiesvcited in the reéorf indicate thét increaseé in the
productivé efficiency of enérgy possible wifﬁ today's ﬁechnélogy wéuld‘
alléw the U.s. econsmy to opeéaﬁe‘on 30-40 percent less gnergy. As a
result of'this iarée pétédtiai for energy savings, we can fuel the

"growth of the ecénomy in yeafs ahead invié¥ge part by increasing the
‘productivify of the eﬁerg§ we now use rafher than by greatiy iﬁcreasing
our enefgy inputs. Energy;wise,_a.barrél-of éil savéd through increased
efficiency is as usefui:a; a Bérrel produced, and in‘othef resﬁects it
is better. | " ¢

_ ) -

Thé recént'studies that suppoft,these conclusions also pqint
out fhat in'the decades immediatelybahead thélcross National Product
is not likely to grow as répidlylas in the past, princiféliy because of
slowed population‘growth; A continuétion of fhié trendlmeéns that our
demand for the things-thaﬁ energyfcan provide will be growing’at a

reduced rate at the same time that our ability to provide those
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things with less energy is increasing.

Accordingly, if we také enérgy productivity Seriously; we can have
a ﬁealthy, expanding economyvin the coming deéades with energy growth
far below that'predicted only a few yéarS'ago. Then, and occasionally
still today, simple extrapolations:of historical energy growth "showed”
that the U.S. would need to more than double its current’ energy con-
sumption by the year 2000. Revised and more realistic estimates now
indicaté that with a mﬁderate effort>to.improve‘energy productivity, our
energy consumption in the year 2000 need not exceed currént-usé by more‘
than about.25 pefcent, and that with a deteimined effort it need not
‘increase by more than about 10415 percent. These estimates are obviously
subject to uncertaintieé, but unforeseen developments seem far more
likely to reduce energy'gfowth than to increasé it.

The feasibility ﬁf low energy growth is indeed good news, for it
means that .the tremendous difficulties posed by high energy growth to
the environment and the econoﬁy can‘be largely avoided:.

- Instead of over 500 rew coal 'and nucleér power plants, we can
limit the number of new plants needed by the year 2000 to a
fraction (perhaps 25 percent) of what would otherwise have
been required, thereby greatly reducing projected pollution,
radiation hazards, and land disrupted by surface and undef—
ground mining and transmission corridors;

- Instead of deepening our dependence on foreign fuels, we can

substantially cut our oil and gas imports- from what they



otherwise would have been, thus aiding our energy security and
our balance of payments;

- Instead of investing an ever increasing share of funds in new

energy production facilities, we can adopt less costly
_conser&ation options, and in the process make capital available
for more socially useful and job-producing investments; and

- Instead of depleting our fossil fuels at an ever increasing

rate and facing the possibility’of chronic or acute shortages,
we can conserve our resources for the future and buy the time
needed for the introduction of preferable renewable energy
alternatives.

Achie?ing low energy growth will not be easy or cheap, but it will
be far easier and less costly than achieving high energy growth. In an
age increasingly beset by all kinds of limits (resource, environmental,
and social), conserving energy through improving fuel preductivity is
the single most effective means of easing our long-term environmental
and energy problems. And it provides an essential link in the inevitable
transition toward an economy based on renewable energy sources.

With the passage of the National Energy Act,.a major stride has
‘been taken toward the achievement of a sustainable energy future. NEA
policies and programs, together with President Carter's decision to make
conservation the cornerstone of national energy planning, mark an important
turning point in our national effort to address the energy problem. But
further efforts are necessary, both to carry out existing conservation

measures and to augment them with additional initiatives. A strengthened



national commitment, building on the progress of recent years, will be

required to realize the many benefits of increased energy productivity

and low energy growth. We must approach this task with an even greater

intensity and determination than that we bring to our priority energy

supply projects. In addition to individual action, the full range of

{
federal, state, and local government initiatives is needed:

Energy'should be priced accurately at its replacement cost
(including the costs not traditionally gonsidered——such as
environmental and national security) and programs implemented
to cushion the impact on low-income people;

Institutional barriers and market imperfections that inhibit
cost-effective investments in energy conservation should be
identified and removed; when this proves impossible, counter-
balancing measures should be developed;

Mandatory requirements should be gdcpted where necessary to
ensufe further but stiil economically sensible energy effi-
ciéncy improvements, for example, in new autos, buildings and
appliances;

Support should continue for tasic research and development for
more prcductive and efficient designs and processes for use in
all sectors of the economy; and

Leadership and publid‘education, essential to the success of’

energy conservation programs, should be provided.

In sum, with a determined national effort to increase energy

productivity--an effort supported by an informed public and driven by

.vii



~ vigorous conservation policies at the federal, state and local levels
and by the expected ‘energy price increases--total U.S. energy use need
not incfease'greafly between now and tﬁe end of the century, perhaps by
no more than 10-15 percent. . Such an effort is well worth the cost, for
the cheépest, cleanest and least vﬁlnerable energy option for the United
States todéy is to use more of the large portion of our energy thet is
‘now loét through inefficient use. The resulting investment in increased
energy efficiency will yield a higher return on investmeﬁt and will have
a more positive effect on GNP and employment than most supply expansion
options.

The conclusion that the Unitéd‘States can maintain a healtﬁy
ecoﬁomy without massive increases in energy means that we ‘can choose an
energy futﬁre.which greatly reduces the international, environmental énd
social risks the Nation mﬁstfface in the 1980s, 19905 and beyond; An
important poin£ is that everyonelcan contribute to the achievement of
this goal. Indeed, it will only be through countless deciéions made by
individual citizens that the many benefits cf-the'wise usebof.our energy
resources will uitimately be secured.
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I. A New Look at U.S. Energy Needs

In the years immediately prior to the 1973 oil embargo, U.S.
energy studies routinely projected a continued rapid growth in energy
demand based on historical trends.l Total deménd was forecast to
increase by 3 to 4 percent per year for the remainder of the century,
leading to a year 2000 energy use more than 2.5 times that of 1970.
Electricity demand was typically'expected to grow at about 7 percent
per year, resulting in an eight-fold increase over the same time
period.

Since then, estimates of energy needs and requirements have
changed dramatically. There has been a continuing stream of studies
exploring the feasibility of low energy demand levels at the end of
the century and beyond.2 These'analyses were conducted by a number
of different groups: independent researchers, the National Academy of
Sciences, the Oak Ridge Associated Universities' Institute for Eneréy
'Anglysis, and the Ford Foundation's Energy Policy Project. While
many assumptions and details of the analyses differ, each one points
to the very real possibility of a low energy growth future, markedly
lower than one might expect from historical trgnds, but stili accom-

‘panied by an economy with steadily rising GNP.
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A, Studies of U.S. Total Energy Needs

. A study prepared by university researchers in 1977 for the use of

the Joint Economic Committee examined the technical potential of fuel

. conservation through the turn of the century.3 The study found that

"it is feasible to maintain a healthy economy with much slower energy

growth than we had in the past." The analysis concluded that slower

energy growth will occur, in part because of established demographic

trends and the continued evolution of the economy toward less energy-

intensive.activities. The study also concluded:

Technical improvements in today's economy could eventually
lead to an estimated 40 percent reduction in fuel consump-
tion;

If the present fuel savings potential were realized over the )
remainder of theAcentury, fhe net effect would be a zero‘growth
in energy consumption from 1985 to 2000;

The ﬁider appligation of técﬁnica} innovation could lead to
the extension of zero energy growth, or possibly negative
energy growth, for a period .near the turn of thé century and
beyond; and |
An"expandéd effort to increase energy productivity would
creaté many new job opportunities and encourage productivity

gains ‘in the economy.

The most recent detailed look at the feasibility of a low energy

gfowth future was published in 1978 by the Demand and Conservation

Panel of the National Academy of Sciences' Committee on Nuclear and

' : ‘ 4
Alternative Energy Systems (CONAES). Given time for the economy to



respond, the analysis concluded that a. "major slowdown in demand growth
can be achieved simultaneously with;significant'economic.growth by .
substituting-technological so?histicetion for energy eoneumption."

More specifically, the study found that enefgy demand in the year 2010
coeld be roughly the sameAasetoday's level whiie,providing_a'higher
level of amenities,ﬂeﬁen with a tofal population increase qf 35 percent.
The study also determined that even if reallenergy ﬁriCEelwere_to stay
at about their present‘level,lgrowth-in energy demand would be consider-
:ably sloﬁef than most. past projections‘have.indieated.

The CONAES panel'report.developed'several‘possible low energy
futures‘which differ Qith respect_to energy price increases, energy
conservation ppliey,“and GNP growth rates. For;each,ofAthe scenarios
. discussed below it Qas assumed that economic growth varies linearly in
time, with real GNP in the year 2010 double that .of_1‘9.75.  (Higher GNP
growth rates were also considered buthhave not been reported to date;)
Assuming "very aggreesive" energy conservation’polieies requiring some
lifestyle changes and an eﬁergy prlce ratlo of four (overall average
real year 2010 price compared w1th 1975 prlce), CONAES Scenario I has a
total year 2010 energy consumption of 63 quadrillion Btu (or ' quadsf).*

By way of comparison, teta131977 energy consumption was about 78 quads.**

*A quad is 1015 Btu, One quad per year is equivalent under typical
operating conditions to the primary energy requirements of about 20
large (1000 megawatt electric) power plants which could meet the
present electrical energy needs of roughly 10 million Americans; it is-
also equivalent to the production for one year of about 0.5 million
barrels per day of petroleum. '

**This includes 1.8 quads of biOmass. s

A
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With "aggressive" energy conservation policies directed toward maximum
efficiency plus minor lifestyle changes and an energy price ratio of
four, energy demand in the year 2010 was found in Scenario II to be

77 quads, roughly today's level. Assuming conservation policies whiéh
slowly incorporate measures to increase efficiency and an energy price
ratio of two; Scenario III has a total enérgy demand in the year 2010
of 96 quads. Finally, assuming a conFinuation of policies that were

in effect prior to the passage of the National Energy Act and an energy
price ratio of one (no energy price increases), energy demand in 2010
was estimated in Scenario IV to be 137 quads.

A paperlﬁresented at the December 1977 meeting of the American
Economic Association analyzed year 2000 energy demands ranging froﬁ
139 to 70 quads and shows that energy growth can be restricted greatly
without having to suffer comparably large economic costs in terms of
reduced GNP. and slower economic growth.5 Although the authors believe
that some economic penalty is associated with higher energy prices and
reduced demand; one of their findings is that by 2000 energy consumption
can be reduced 9 percent below current levéls while GNP increases by 80
pércent.

Another recent study concluded that "there is an enormous
opportunity for' reduced energy consumption per unit product in every
sector of the e§onomy..." 6 With an "Accelerated Conservation Policy"
(energy efficieﬁcy increases about one percentage point every 2.5
years), it was found possible for GNP to increase ét 3 percent per

year with little or no increase in energy demand.



A study by Oak Ridge Associated Universities' Institute for Energy
Analysis also examined U.S. energy and economic growth in some detail.7
The report found that "both GNP and total energy demand are likely to
grow significantly more slowly than has been assumed in most analyses
of energy policy." Completed two years before the CONAES report, the
numerical results illustrate a general trend of energy demand studies;
the older the study, the higher the energy demand forecasts. Assuming
a considerably higher GNP growth than the preyious study, two energy
futures were developed which have energy demand in 2000 raﬁging from
about 101 to 126 quads. This range resulted from differing assumptions
concerning demographic trends, labor productivity, the number of

automobiles per capita, and GNP. When published in 1976, this was

considered to be an unusually low estimate.

B. International Comparisons

The feasibility of a low energy growth future is also indicated
by internatioﬁal comparisons which show the greater energy efficiency
achieved by other countries as wealthy as the U.S. Several detailed
studies have now been completed.8 "Although containing a number of
important qualifications, these studies reinforce the view that "more
efficient energy use will not interfere with and can in fact improve
the functions of the United States economy over the long run."9

The energy consumed per dollar of national output is the most
often cited measure of a nation's overall efficiency in energy use.
In Figure 1, the 1972 rafio of energy consumption per unit of Gfoss

Domestic Product is presented in comparison with per capita GDP for



Figure 1

Energy/output ratios versus national output per capita for selected countries, 1972.
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p. 6. Reprinted with permission.



selected countries.lO (GDP is used rather than GNP to exclude income
originating abroad, thereby better reflecting the economic activity
related to. domestic energy cbn8umption.) The data show considerable
variation in energy efficiency for a given range of per caﬁita incame.
For countries with a GDP per cépité bver $1000;‘there is more than a
factor of two §ariation in energy efficiency. Sweden, West‘Germany; and
Switzerland have per capita incomes comparable to the U.S5. but have
substantially lower energy/output ratios. On a per caﬁita basis,

for exaﬁple, Sweden uses only about 60 percent as much energy as the
U.S. but has a comparable standard of living.

Such comparisons are too broad and aggregated to'revea1>much
detail on what causes these differences. While a detailgd treatment of
this subject is beyond the scope of this review, Table'1l summariées thé
principal facto;s which contribute to the much higher uée of energy
per dollar of output in the United States when compared to Western
Europe.1l

There is no single factor wﬁich explains the higher U.S. energy/
output ratio. But over half the difference is attributed té a
highgf energy intensiveness in tﬁreé‘areas: passenger tranépo:t,
residential space conditioning, and industry. Some oflo;r relati&e»
inefficiency in passenger transport is probably due to our less‘densev
living pattefns,‘bﬁt the data also indicate that our auf;ﬁobileé aré
less efficient, that we use less méss trahsbortation and, less clearly,
fhat we take more short trips in our autos, including trips in’qonges—
ted areas. In the residential sector, when correctéd for climate, less

efficient heating practices combined with a preference for larger homes



Table 1

Contribution of principal factors to higher use of energy per-dollar
of output in the United States than in Western Europe, 1972,

Activity

or Sector Percentage
Total passenger transport 28

Volume of passenger mileage . 12

Energy intensity 11

Mix of transportation modes , 5
Total freight transport 6

Volume of ton mileage _ ’ 15

Energy intensity ' -1%*

Mix of transportation modes -8
Total residential space conditioning 8

Size of units and prevalence of
single-family dwellings
Heating practices
Degree day factor -

£~ o N

" Total industry 20
Energy intensity 61
Structure ‘ . -41

Sum of above 62
All other (net) 38

Total energy/GDP variability 100

*Negative numbers represent those elements depressing U,S, energy/GIP
below the European ratio,

Source: Adapted from Joel Darmstadter, Joy Dunkerley, and Jack Alterman
How Industrial Societies Use Energy: A Comparative Analysis (Baltimore:
The Johns Hopkins University Press, 1977). :




and single family dwellings account for a portion of the difference.
A major source of the difference between the U.S. and Western Europe
is that industry-for-industry, the U.S. is considerably less efficient:
-~ on the average the U.S. uses more energy to produce a given amount of
industrial material or product (e.g., steel) than Western Europe.

These international comparisons provide direct real-world evidence
that U.S. energy requirements per unit of output can be reduced sub-
stantially over the longer run. Among industriglized countries,
~ variations in per capita energy demands fesult largely from differing

prices and policies, rather than differences in customs or income.

c. The Potential for Increasing Energy Productivity

This section examines more concretely the conservation measures’
that are economically and technically possible today and in the future.
The potential for fuel conservation is reviewed for each of the major
consuming sectors.

Throughout our economy, substantial reduction in future energy
requirements can be made without adopting measures which involve
important changes in lifestyles. These possibilities have been
examined in considerable detail by others and are briefly summarized
, below.12 The results suggést that today's fuel consumption levels
can be reduced by more than 40 percent through technical improvements
which reduce the energy required per unit of output. . Only modifica-
tions that are economic today on a life-cycle cost basis are

incorporated in this estimate.
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1. Residential/Commergial Sector

Technical changgs in the residential/commercial sector could lead
to a more than 40 percent reduction in its fuel requirements; A éare~
ful look at the energy:actuélly used by homes and commercial buildings
in 1973 suggests a wide array of specific qpportunities for. energy
efficiency improvements. .(See,Table 2.). The more impotrtant téchnical

improvements include:

Reduce heating losses by- 50:percent with betfer insulation,
improved windowé,and reduced>infiltration; this reduction is
the single most'important step in this sectof, accbunting for
about one-half of the savings.

- Substitute heat pumps fo? electric resistance heating.

- Cut water heating fuel requirements by 50 percent through the
addition of more insulation, reduced hot water temperature
settings, and the use of solar energy or heat recovery from other .
appliances.

— Increase the efficiency of new air conditioners and refrigerators,
and introduce total energy systems.‘

- Improve lighting systems to reduce energy requirements for lighting
in commercial buildings by 50.percent. |
The‘possibility of making these improvements has been well

documented.l-3 For example, it has been shown that energy consumption
by refrigerators and air conditioners varies.over a remarkably wide
range. In the case of refrigerators energy use can vary by a factor
of two within a single class of size and features with little correla-

14

tion between energy requirements and first cost. In addition to the
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Table 2a .
Potential annual fuel savings in the residential sector

(percent of 1973 total energy demand

Conservation . ‘ | Potential
Measures ‘ ‘ o ‘ Savings.
Replace resistive heating with heat pumps 0.8
Increase air-conditioner efficiency 0.5
Increase refrigerator efficiency 0.4
. Cut water heating fuel requirements 1.4
Reduce heat losses- : 4.4
Reduce air conditioner load by rEduc1ng infiltration 0.6
Introduce total energy systems into 1/2 multifamily units 0.4
Use microwave ovens for 1/2 of cooking 0.3
Total 8.8%
Table 2b
Potential annual fuel savings in the commer01al sector.
(percent of 1973 total energy demand)
Conservation Potential
- Measures o o Savings

Increase air-conditioner efficiency 0
Increase refrigeration efficiency ' 0
Cut water heating fuel requirements : : 0.
Reduce building lighting energy 1
Reduce heating requirements 3
Reduce air-conditioner demand with better insulation 0
Reduce air-conditioning demand by reducing ventllatlon ‘rate

and by using heat recovery apparatus 0.1
Use total energy systems in 1/3 of all units : . 0.9
Use microwave ovens for 1/2 of cooking : 0.1

Total : } , 6.6

*Totals may not add due to rounding.-

Source: - Adapted from M.H. Ross and R.H. Williams, "Energy and Economic
Growth," published in Achieving the Goals of the Employment Act of 1946 ——
Thirtieth Anniversary Rev1ew (Washington, D.C.: U.S. Government Printing
Office, 1977)
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opportunities for more efficient appliances and space heating systems,
the energy characteristics of most building themselves can be vastly
improved. New buildings can be economically designed to reduce
typical space heating requirements by 75 percent, with simiiar savings
achievaBle in many older buildings-15

Attic and wall insulation can be increased. Storm windows,
storm doors, and weather stripping can be added. The efficiency of
heating and cooling can be raised through the increased use of heat
pumps instead of electric resistance heating and by the substitution
of improved air conditioners and o0il and gas furnaces. And new homes
can be built with many "'passive solar" features such as overhangs,
large southern exposures, and moveable insulated window panels.

8

2, Transportation Sector

Cost-effective energy saﬁings in the transportation sector of up
to 50 percent are possible. (See Table 3.) Given enough time for a
changeover, thése‘savings could be achieved with a relatively small
increase in purchase costs which would be'morevthan offset through
savings in fuel costs. These savings could be accomplished by using
existing technology to improve auto fuel economy by 150 percent.
Obvious measures to improve automobile fﬁel economy include:

- Emphasize smaller light-weight vehicles. The greater‘use of
light-weight materials and the adoption of new designs which
reduce the amount of material needed for.a fixed interior size
have already reduced the weight of some models by several hundred
'pounds. To ‘a first approximation, automobile fuel economy is

inversely related to vehicle weight: the lighter the car, the
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Table 3 :
Potential annual fuel savings in transportation.

(percent of 1973 total energy demand)

Conservation Potential
Measures Savings
Improve auto fuel economy 150 percent 7.9
35 percent savings in other trangportation areas 4.3
Total L 12.2%
Table 4

Potential annual fuel savings in the industrial sector.

(percent of 1973 total energy demand)

Conservation Potential
Measures Savings

Good housekeeping measures throughout industry : 5
Fuel instead of electric heat in direct heat appllcatlons 0.
Steam/electric cogeneration for 50 percent of process steam 3
Heat recuperators or regenerators in 50 percent of direct

heat applications 1.0
Electricity from bottoming cycles in 50 percent of direct

Ui N

heat applications’ 0.7
Recycling of aluminum in urban refuse 0.1
Recycling of ironm and steel in urban refuse 0.1
Fuel from organic wastes in urban refuse 0.9
Reduced throughput at oil refineries 1.2
Reduced field and transport losses assoc1ated with reduced

use of natural gas - : : 1.1

Total : 14.0%

*Totals may not add due to rounding.

Source: Adpated from M.H. Ross and R.H. Williams, "Energy and Economic
Growth," published in Achieving the Goals of the Employment Act of 1946 --
Thirtieth Anniversary Rev1ew (Washington, D.C.: U.S. Government Printing
Office, 1977).
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farther it will go on a gallon of gas. Over the lgnger term,
automobile weights caﬁléontinﬁe to be reduced tﬁrough the use of
advanced composite materialé.

- Improve the efficiency of the drive train;' Options includg thé

" greater use of manual transmissions, the use of improved torque
éonverters with lock-up ana overdrive feéfures,"andithe substiF
fution of continuously—variéble transmissions.

- Reduce'rolling résistance through the substitution of improved
tires. The use of radial tires in place of bias ply or belted
bias tires can inérease fuel economy by several percent.

- Improve vehicle aerodynamics by streamlining automobile designs to
reduce air drag greatly. |

- Improve engine effidiency tﬁrouéh design modifications to the
COnv?ntional Otto engine, or by greater use of alternative
engines, such as Diesel and Stirling cfcle power plants,

- Improve the operating efficiency of automobile accessories.

Increased energy productivity by aiflinés dépendé on continued
R&D and the purchase of new, more efficient aircraft. Techﬂical
improvements includé the use of more efficignt propulsion_systems; the
application of more efficientiaerodynamic designs, and impréved
aircraft structures. These modifications could lead to an overall
improvement of 25 percent or more in aircraft efficiency by the end
of the century. Load-factor increases couid pro§ide‘further

efficiencies in air travel.



Improvements in freigﬁt éfficiehcy are possible through the
widespfead adoption of diesels Ey'the truck-fleets and through drag
redpctionf Over thé long term, thé overall improvement in truck
efficiency could be'up-té 50 peréent. Lé;s festriétivé régulations
could‘increase frﬁck lqad—factors. Some modai shifts from‘trucks td.
the less-energy intensiQe réil sjsteﬁ would help to limit transpdrga—
tion energy requirements.

Additional energy gavings éould be achieved by ehcouragiﬁg‘the
" wider use of cééﬁ¥effectivevmass transit in majpr urban}afeas.
Efforts would .‘Be >1"eqvu:i;r.ed to épply innovative concepts to increase

the convenience and versatility of urban mass transit systems.

3. Industrial Sector

Substantial redﬁctions are also‘poséible in the industrial
sector. (See Table 4.) Industrial energy demand in 1973 could have
been reduced by about 30 percent through several’specific changes
including:. o |

- Improve managemént and ”ﬁousekeepiné".practices with little or
no changes’in capital equipmeﬁt. Ekampleé of such improvements
include adjusting temperatures for spaée heating an& cooling,
turning off unneceésafy lightiﬁg, shﬁtting down machines when‘
not éctually béing ﬁéed; repairing steam leaks; éléaning heat
transfer barriers; and maintainiﬂg steam traps and boilers at

peak efficiency.

15
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- Produce 50 percent of the process steam through the cogeneration

of steam and electricity, and generate electricity with bottoming
cycles. Cogeneration can reduce by roughly 30 percent the amoun;
of fuel required to separately generate the séme amouné of
electric power and steam if done separately.

Add heat recupe;ators or regenerators in one-half the direct

heat applications. |

Reduce processing and transportation losses associated with energy
conversion and transmission. In the near future electricity,

for example, could be generated more efficiently ﬁith fuel cells,
énd'transmission losses couid bebreducgd by locating genefation
facilities cioser to load centefs or impro§ing transmission

lines.

Recycle the ‘steel and aluminum in urban refuse and use its

.organic material for fuel.

These are only a few of the more obvious improvements., Others

include the substitution of more efficient electric motors, the

replacement of obsolete plants and facilities, and the development of

new basic processes or technologies.

Clearly, it will require time to improve or replace existing

equipment and procedures, but over a period of two or three decades,

incremental changes can lead to dramatic improvements.
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D. Overview

As a group, these domestic and international studies suggest a
number of important conclusions about U.S. energy needs at the turn
of the century. These conclusions must Be viewed with some caution
given the great difficulties and,uncertaiﬁties associated with estimating
total energy demand two decades into the future. Nonetheless, the evidence
strongly suggests that future energy demand is by no means predetermined
and that low demand futures are quite feasible both technically and
economically.
(1) Even without special efforts to slow the growth in energy con-
sumption (and assuming little or no real energy price increases),
energy demand is expected to increase well below historical rates
(roughly 1.5 to 2.5 percent per year versus historical rates of 3 to
4 percent per year). This is the result of a general shift in the
economy toward less energy-intensive activities and sgrvices, and
slower GNP growth causaed largely by,réduced population growth. These
trends suggest an energy demand in the year 2000 between 110-130 quads,
compared with about 180 quads for a simple extrapolation based on historical
energy growth,
(2) A moderate national effort to increase energy productivity
(driven by slowly increasing real energy prices and successful
implementation of fedefal conservation policies in recent legislation)
could lower demand levels to the 90-110 quads range in the year 2000,
This reduced energy growth need resulf in little or no reduction

in expected GNP growth. Indeed, if government policies stay constant,
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whether the high or 16w portion of the 90—110 quad range is reached
could depend lérgely §n the rate at which GNP grows during this period.
(3) A determined national effort to increase productivity (driven by
more significant -energy price inéreases, more vigorous government
conservation efforts, or both) could lead by the year 2000 to still
lower energy demand levels in the 80—90‘quads range. . Again, if done
cérefully through well conceived energy and economié programs that can
flexibly respond to changing conditions, this effort need not involve
significant reductions in anticipated growth in goods and éervices.

(4) Energy demand in the year 2000 could even be significantly less
than today's while still allowing a steady increase in GNP (at about 2
percent a year). But this future would require‘aggressive‘government
policies and some significant adjustments  in customs and expectations.
These changes might include (i) a shift in housing trends toward -
multifamily units with people living closer to their places of work,
(ii) an accelerétioﬁ of the trend téwardla more‘servicé—oriented
economy and more durable consumer goods, (iii) continued migration to
the Sun Belt States,. and (iv) expanded efforts to substitute technical

sophistication for energy consumption.
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I1. Low Energy Growth: Implications for the Environment and
the Economy

Incréasiﬁg energy productivity along the lines suggested in Section
I will bfing with it akhqst of national benefits. By economically
squeezing the same goods and services from fewer units -of energy imputs,
we can reduce‘thé need for new mines, power plants, refineries, synthetic
‘fﬁels piants, transmission corridors, gnd‘the like. Environmental
impacts will cénseQuently be reduced along the entire chain of energy
extraction, delivery, aﬁd consumption. While it is difficul; to quantify
the environmental impacts 'in dollars, reduced energy use will have major
indirect benefits which are not included directly in the GNP.

Economic benefits will also accrue from increasing energy produc- .
tiﬁity. A well-formulated, economically justified, long-term conserva-
tion strategy wiil'suétain continued growth in GNP while reducing
inflétionary préssures from real increases in energy prices. Additional
poéitive benefits can Pe anticipated on employment, on our balance of
payments,‘énd.on‘our national security. We briefly discuss in this
" section these and other impacts that cén be anticipated from programs to
increagé energy efficiency.

.‘The full r;nge of effécts resulfing from increasing énergy produc-
tivity can best be assessed through the examination of alternative
energy futures. Table 5 displays two possible energy supply scenarios
for the year 2000, along with comparable values for 1977. Fpture i,
with a total demand of 85 quads, reflects a strong, sustained comnitment
to conservation (higher energy productivity).and theluse of renewable

enérgy'sources. Energy supply for this future consists of 40 quads
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Table 5

Energy supply in 1977 and
(quads of primary fuels)

0il and gés

Solar*

Nuclear

Coal

Total

*The Solar category includes all renewable energy sources,

two supply scenarios for the year 2000

1977

56,5

4.2

2.7

14,1

77,5

[H

40

19

18

85

2000

46

19

18

37

120

The 4,2 quads

includes 1.8 quads from biomass which is usually not included in national

energy stat istics.



of oil and gas (a 30 percent reduction from the present value reflecting
a continuing decline of domestic producpion and a strong effort to
reduce imports); 19 quads of renewable energy (a value based on a
"Maximum Practical" natiomal effort as described by the Solar Domestic
Policy Review); 8 quads of nuclear energy (equivalent to about 135
plants each of 1100 MW size); and 18 quads of coal (about 780 million.
tons, one-fourth more than we now consume). Since the U.S. now has the
equivalent of about 135 nuclear power plants of the 1100 MW size either
operating or under construction and about 243 coal-fired power plants
(1100 MW) either operating or under comstruction, Future I does not
expand reliance on nuclear or coal appreciably beyond the levels already
committed. |

In Future II, 120 quads, energy demand grows by 1.9 percent per

21

yvear. A demand of 120 quads is obviously high by comparison with scenario

I, but it is low compared with many forecasts made within the past few
years.l6

In Future II, oil and gas would supply 46 quads, about 20 percent
less energy than at present. At this level, these sources would account
for only 38 percent of supply, however, compared with a contribution now
of 75 percent. As in Future I, renewable sources displace 19 quads of
primaryAfuels. Nuclear plants would supply 18 quads and coal 37 quads.
_The values in Future II for oil and gas, nuclear, and coal are very

close to those of the "Most Probable" forecast of the Department of

17
Commerce.
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A, Relative Environmental Impacts of Alternative Futures

The most important differences in enérgybsupply between the two
futures described above arise from the need to place great emphasis on
coal and nuclear in Future II. In the high-growth future these two
sources collectively supply 2.1 times as much energy (an additional 34
quads) in the year 2000 as they would in the low~energy future. . Althougﬁ
it is not feasible to describe completely the details of these two -~
futures, specific, impdrtanf environmental impacts related fo the
additional use of coal and nuclear energy in Future IT have been esti-
mated and are presented in Table 6. These impacts are briefly discussed
next. ’ » , o ‘ ’

Table 6 shows that by the year 2000 a 120-quad future could require
the mining of almost 1.7 billion tons of coal per year, more than twice
what would be required in the low-growth future and almost three times
our present level of consumption."OGéf‘the remainder of the century,
Fﬁture.II ﬁould require the mining of 9.5 billion tons of coal more than
in Future I. Under the assumptions listed in the footnotes fo Table 6,
we estimate that the high-growth future could lead to the strip mining
of some 2000 square miles through the end of the century, an area about
the size of Délaware. Much of the stfip mined coal would be derived
from the arid westerh states where faiﬁféll i1s sparse and.rehabilitatiOn
of the lands is still unproven.18 Additional soéiél,.economic, and
cultural impacts could be anticipated on these western states if large
numbers of conversion facilities--power planfs and synthetic fuel plants--

are constructed there to service other regiong of the Nationm.



- Table 6
Relative impacts of 16w~ and high-growth futures.
977 B 2000

1

Coal production (millions of

tons/year)? ' 613 782 1,

-Cumulative coal mlned 1977 2000

(millions of tons)P ' ’ - 16,000 25,

Cumulative area stripmined,

1977-2000 (square miles)® | -— 1,200 2,

Cumulative area affected by
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IT

609
500

000

subsidence (square mile‘s)d _ 1,400-3,300 2,300-5,300

Number of coal power plants

(nominal 1100 MW)©€ 200 243
Number of nuclear power plants

(nominal 1100 MW) 43 135
Area required for transmission '

lines for new coal and nuclear

plants (square miles)8 . - 3,900 16,

Radioactive tailings to supply

uranium for 1977-2000 .

(million tons)h - 400
Volume of low-level radioactive ’

wastes generated, 1977-2000 )

(millions of cubic feet)?l - 34
Spent fuel generated, 1977-2000 '

(thousands of tons)J - 61
Total spent fuel generated over ' :

lifetimes of plants constructed

through the year 2000

(thousands of tons) ‘ v - 121

a. Nominal tons at 23 million Btus each.
b. Assuming linear growth in production.

500

304

500

800

66

120

274

¢, Assuming (i) one-half of coal is mined in the West; one-half in the

Midwest and East, and (ii) all of Western coal and one-half of rest
is stripmined. Area disturbed: 50 acres per million tons in West
and 100 acres elsewhere. See Energy/EnvirOnment Fact Book, DOE/EPA
December 1977, page 60,

d. Assuming 230 to 529 acres affected per ton of coal mined, depending
on mining techniques, See Energy Alternatives: A Comparatlve
Analysis, Unlver31ty of Oklahoma, Science and Publlc Policy Program,
May 1975, pages 1-56,

e. Assumes 70 percent of coal will continue to Be used by electric

utilities, capacity factors will average 55 percent and indiyidual
plant efficiencies of 35 percent.

(contlnued)
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g’

Assumes capacity factors of 60 percent and average efficiencies

of 33 percent.

Based on an average value of 17,188 acres per GW of capacity. See
Energy and the Environment: Electric Power, CEQ, August 1973, page 42, .
note 8, .
Assuming 0.1 percent uranium ore, 0,25 percent tailings assay, and
annual loading of 30 tons of fuel per reactor per year,

Based on an annual volume of 16,500 cubic feet per plant-year, See
"Report to the President by the Interagency Review Group on Nuclear
Waste Management,' DRAFT, TID-28817, October 1978, page D-6,

Assuming 30 tons discharged per reactor per year,

Assuming 30 tons discharged per reactor per year and 30-year plant
lifetimes,
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Underground mining of coal will also have its impacts. Table 6
indicates that with high coal use in Future II between 2300 and 5300
- square miles of land could be affected by subsidence over the remainder
of the century, in the worst case an area Larger than the state of
Connecticut. When the eérth subsides, or sinks, from the coIlapse of
abandoned underground mines, whatever is on the surface above can be
damaged or destroyed.

Assuming that electric power production continues to account for 70
percent of U.S8. coal consumption, Table 6 shows that under the high
energy growth future about 300 new, large coal-fired power plants would
haye to be built between 1977 and 2000, approximately one plant completed
per month for the remainder of the century. Finding environmentally
acceptable sites and adequate cooling water for these plants>would
surely pose difficult planning problems for the states where they will
be located. Under the high-growth future a total of about 260 new
nuclear plants would also have to be constructed, for a total of about
304 by the turn of the century. Because of safety requirements and
greater need for cooling water, their siting problems could be antici-
pated to be at least as difficult as those for coal ﬁlants. Table 6
als§ shows that a véry large‘amount of land would have to be dedicated
to transmission corridors for electric bower to support rapid energy
growth. In Future II about 16,500 square miles would be required, an
area almost twice the size of Massachusetts. Under a low-growth future
siting and other problems would be greatly diminished: only 25 percent
of the total new plants required in Future II would have to be built in

Future 1.
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Table 6 also gives an indicagion of the large volumes of radiocactive
wastes that could be generated over the next 21 yeafs. Over 800 million
tons of sand—like‘radioactive tailings,.ébout ten times what has been
created in thg.past, would be generated in the westerp states through
. the extraction by miils of uraﬁium from‘ores. Tailings, in_theée
amounts, could bg expgc;ed,to continue to pose a knotty, long-term
disposal prﬁblem. Similarly, upwards of 66 million cubic feet of low-
level wastes (sludges, paper, clothing, tools, etc.) would be gene:gted
at nuclear power plants:in Future II.’ Because_of their large volumes,
low-level wastes would continue to be difficult to dispose of in an
environmentally desirable and safe manner. Lastly, the volumé of high-
level wastes, in the form of radioactive speqt'fuel, would groﬁ much
more rapidly undexr Future II than in the low-growth scenario. Upwards
of 120 fhousand tons of new spent fuel would be added to existing
inventories under Future II compared with 61 thousand tons under Future
" I. Over the lives of these plants 121 thousand tons ofvspent fuei would
be generated in Future I compared with 274 thousand tons‘in Future 1I.

The list of potential environmental impacts in Tgble 6 is by no
means exhaustive. Others exist which may be equally or more signifi-
cant; these impacts are, though, spmewhat mpré difficult to ggantify and
evaluate. Air pollution from the burning of coal is one example.
Increasingly stringent and expensive emission requirements could signifi-
cantly abate this problem, however. Similarly, water consumption and
thermal pollution in power production can be significantly reduced or

eliminated through the use of closed cooling systems. In the case of
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nuclear eﬁergy there are a number of impacts whose risks are all but
impossible to quantify’but which would be‘expectéd to grow in proportion
to the use Of'nuclear power. These impacts are reiated to nuclear:
safety and to terrorism involving nuclear facilities or shipments.

Beéause of the greaﬁ uncertainties surrouﬁding them, we have not attempted
to quantify ér:assess these impacts{

Other longer-term environmen;al threats--equally difficult to
quantify-—Will also be exacerbated by inéreasing energy use. The
buildup.of carbon dioxide, whose release is directly proportional to the
amount of fosgsil fuels burned, is one. By absorbing a portion of the
earth's outgbing radiation, carbon dioxide could lead to a long-term
warming trend with potentially disastrous effects on the world's climate._
Pollutioﬁ of the qtmosphere by small pérticles from combustion is another.
Both of these effects have the potential for éltering the earth's climate
in ways that are unknown at present, Similarly, global thermal.pollution
from the ever incteasiﬁg“burning of fuels--fossil or nuclear--could also
affect giobal‘cliﬁate though probably on a much longer time frame than
with the previous two, Although the total impacts of éll these
trends is highly uncertain, it is nonetheless clear that a national--
indeed,.global—onlicy eﬁphésizing“energy conservation and reduced
growth rather tﬁan expanded suppiy will allow the world more flexibility

and time to maneuver in the event of incipient, adverse developments.

B. Benefits to the Economy
Probably the main concern raised against low energy growth is the

belief that it could lead to adverse impacts on national economic
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growth and employment. Thus, in its forecast of energy use through the
year 1985, the Chase Manhattan Bank asserted that ;ﬁalysis of the uses
of energy reveals little scope for major reduction without harm to the
Hation's economy and its standard of living.19 Similarly, advertise-
ments have been placed in major national newspapers and periodicals with
cartoons expressing the simple message "Generate Less Energy. Sure. And
Generate Galloping Unemployment."

Unfortunately, such claims have in the past received widespread
and, often, uncritical acceptance, leading to the view that only in-
creased energy production and use can guarantee economic well being.

Conservation and reduced energy use are sometimes associated with
shortages and curtailment, and there ig little doubt that sustained
energy shortages can hurt the economy. While "doing without" may be
required during a natiomal emergency, such as the 1973-1974 oil embargo,
it does not represent what we mean by conservation in the present dis-
cussion. Rather, as we have previously stated, conservation refers
ﬁrincipally to increasing emnergy productivity through coét‘effective
measures——to wringing more goods and services out of our energy inputé.

The extent to which energy productivity measures are economically "
justified is dependent. in large degree on the ﬁrices that consumers pay
for fueis and electricity both now and in the fufure, Until relatively
recently the real costs of energy have been declining: between 1950 and
1970 the weighted-average real price of fuels in the United States
dropped ﬁy almost one—third.20 Throughoutrthis period, wi&espread

optimism prevailed that new energy technology and improvements in old
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ones wouid lead to a continuing decline in energy prices, even to
the point 6f making electricity "too cheap to meter."

Moreover, prices have historically been subsidized through federal
tax policies, price controls, and unpaid environmental and national
security costs. Electricity, natural gas and petroleum were priced
substantially under their replacement costs, due to federal price con-
trols in oil and gas ahd state regulation of utility rates. The federal
government provided tens of billions of dollars in energy subsidies in
the period from 1918 to 1976.21 Fossil fuels have been subsidized, for
example, through the use of depletion allowances, foreign tax credits,
intangible drilling expenses and accelerated depreciation. Nuclear
pbwer has been subsidized through large R&D programs, low-cost fuel-
cycle services, waste handling facilities, and federal limitations on
the industry's liability in the event of a major accident.

Besides prices, a number of institutional "barriers" have worked
against achieving high productivity from energy inputs; A long series
of market imperfections and government policies have pre&ented the
economy from taking advantage of energy conservation opportunities that
were economical even with low, subsidized energy prices.22 These
barr;ers include misplaced incentives, lack of information (or misin-
formation), ineffective regulationm, gnd market structure imperfections.

As a consequence, a number of factors have combined to leave
us with stocks -(including homes, buildings, vehicles, appliances,
machines and factoriés), institutions (such as utility rate structures,

energy subsidies and building codes), and habits (too numerous to mention)
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suited to an era of energy abundance--a period of energy ﬁlenty that was
part real but part illusion.

Energy prices have, of course, risen significantly during the 1970s
and arenlikely to continue to do so for the remainde?‘of the century.

In addition, as reflected in the National Energy Plan;vwe have learned
the shortsightedness and waste of subsidizing inpreasingly scarce energy
fuels by.pricing them below replacement'costs. And the U.S. is now also
moving to address institutional barriers and o£her market impeffections
that in the past have Hampered investments that would increase energy
productivity.

As a ‘result, the U.S5. economy now faces a situation in which the
opportunities for cost-effective investments in energy conservation have
increased dramatically and are likely to expand further in the future.
We must expect that the economy will be‘improved, not harmed, by invest-
ments in energy conservation which result from more accurate ppicing of
energy -and the elimination of market imperfectioms.

This éonclusion is supported by recent macroeconcomic analyses that
suggest a more loose and flexible linkage between energy use and the
economy than previously supposed.23 These new étudies generally con-
clude that low energy growth can be consistent with continued economic
expansion and a high standard of living, can have a positive‘effect on
employment, and can provide an important weapon in the fight against
inflation. Perhaps the most recent aﬁd thoroﬁgh analysis cbnfirmiﬁg

these conclusions is the CONAES' work already discussed. The CONEAS
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panel concluded that "As longvas‘the transition to energy-efficient
caﬁital stocks;occursbsmoothly and over a significantly long period of
time, there~is no reason to expect major adverse effects on the GNP."

Essentialiy this same conclusion was reacbed earlier by the Ford
Foﬁndation's Energy Policy:Project..-After analyzing variousvpossible
energy futures characterized by varying fotal demands, the study concluded
that "the lower emergy growth scenarios provide major savings in
energy with small differences in the GNP from historical growth trends.
Employment §pportunities are, if anything, better. In all three scenarios,
the real GNP for the year 2000...is more than twice what it is_today."24

One recent analysis of the econonic effects of low energy growth
focused in detail én the economic.impacts of progressively more stringent
federal policies‘ngigned to dampen,engrgy grqwth by increasing energy
costs.zs_‘Perhaps its most significaﬁt finding is the relatively weak
linkage between future GNP and energy demand: '"On average, each‘percentage
point reduction iﬁ energy input leads to only a 0.2 percentage point
reduction in real GNP." The study estimated;that‘conservgtion policies
over the next two deéadeé équld lower energy demand in the yéér 2000
from a value of 116 quads to 90 quads (a 22 percent reduction) with a
loss in GNP in the yéar 2000 of .only 4 percent. Despife this small
loss, GNP would almosf double in this 90 quad future between 1977 and .
2000. Moreover, this sfudy'é‘conclusions may be overly pessimistic for

. . . L 26
reasons which several reviewers have noted.
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Investment Opportunities - Low energy growth can lead to major

opportunities for investment in other nonenergy areas relati&e to high-
growth scenarios. For example, the Energy Policy Project found that its
"Technical Fix" scenario would save the Nation about.$300 billion on
capital investments over the next 25 years relative to its higher-demand
Historical Growth future. Such savings could be plowed into other
productivity-enhancing investments that might assist in the fight against
inflation.

These savings arise because measures to conserve a given amount of
energy generally require less investment than programs to develop or
install new energy supply systems. For example, the power requirements
of window air conditioners can be reduced at a cost of only $90 per
kilowatt, while new peak generation and distribution capacity costs over
8400 per kilowatt.27 Similarly, having a contractor insulate a previously
uninsulated attic will lead to a considerable savings in home heating
oil over a period of, say, ten years, at an effective cost of less than
$0.05 per gallon saved, less than 10 percent of the current price of
such fuel. Insulating walls would also lead to a majof savings in oil,
at an effective cost of less than $0.30 per gallon saved, about 60
percent of current prices. Similar'capital savings can be realized in
industry. Waste heat recuperators can save energy at a cost less than
half that of new supplies.28 Some bottoming cycles which generate
electricity using industry waste heat require less than half the invest-

ment a utility would have to make for the same electrical output.



As energy conservation measures like‘thesé’are widely adopted, the
aggregate savings in the energy sector will be enormous. One study
found that techmical conservation measures could lead to an energy
demand of about 80 quads while saving the Nation $430 billion in energy-
related capital investments compared with those required in a government-
published higher growth future,29 In each of the futures examined GNP
was assumed to grow at 3 percemt per year. These capital savings have
great importance for the economy as a whole. If investments in energy
supply require progressively larger fractions of business capital, less
will be available for other, perhaps more éocially and economically
desirable purposes, and interest rates will go up. |

Inflation -~ As a way to thwart inflation, energy conservation is
hard to beat. The examples given above indicate that energy saved
through currently available conservation measures can cost as little as
10 to 50 percent that of new supply. Under these circumstances the
macroeconomic advantages of conservation-as an aiternative to new
supply can only be favorable.

Balance of Payments - Much of the savings from conservation will be

realized in the form of reduced imports of oil and natural gas for which
we pay a high price both.economically.and in terms of natioﬁal security.
Improvements in our balance of payments can be anticipated principally
due to reduced dollar outflows for direct purchases of foreign fuels.
These improvements will bring benefits in the fight against inflation

and in maintaining a strong dollar in international monetary markets.

33
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Emglpygent - Most measures to improve energyipfoductivity will also
have a beneficia1<éffect on total employment‘and the unemployment rate.
This benefit occurs because the energy-producing and energy-intensive
sectors of the economy tend to have lower. labor intensity. Energy
conservation measures should lead to relatively greater growth in the more
labor-intensive sectors, inciﬁding;~of‘coﬁrse, the many different
activities that lead to greater emergy productivity. Onc recent study
found, for eiample,fthat inétalling’éeilingiinsulatidn in all existing
homes to the economic optimum would require abput‘400,000 person-years‘of
effort and save about two-thirds 6f'bné'percent of total energy used in

the United States.30

Similarly, if the counfry were to shift entirely
from throwaway to refillable beverage containers, energy demand would be
reduced, and net'employment would be increased (though the average Wagé
would drop). ‘The study's conclusion is that the national goal of full

employment could be reached by using conservation measures to improve

our fuel efficiency by only 5 to 10 percent.

Energy Shortages - We have only limited domestic supplies of oil
and gas.remaining, and éithef acute or chronic shoréages of these fuels
can lead to disrupfive'economic and émplqyment effects; Through low
energy growth and increased energy productivity, we can minimize thé
risk of serious disruﬁtion, conserve our-fossil resources for the fiture

and buy time for the transition to the post-petroleum era.
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ITI. Energy Productivity: Achieving Low Energy Growth

It .is not especially difficult to conceive how our present energy
system might have been made much more efficient. .In fact, given a
different sgt of federal energy policies beginning in the 1950s and
continued through thg‘l9603,'the ﬁnited States could well have had a
GNP comparable to today's level but consumed 30 to 40 percent less
ene}gvaith much smaller oil imports and éharply enhanced environmental
qualityf} Unfortunately, both this possibility and its potential
importance.were‘not generally understood until the mid-1970s.

This section first reviews existing federal initiatiﬁes aimed at
reduciﬂg‘eﬁergy demand'growth and then discusses the additional steps
that can be taken by individuals and goverﬁment to improve energy

productivity.

A. Federal Conservation Programs .

Recégnitibn of the benefits of improved energy productivity led
the Carter Administration and the Congress to make conservation the corner-
stone of the national energy planning:
"The sixth principle and the cornerstone of Na;ional
Energy Policy is that the growth of energy demand must
béﬁﬁﬁmwthw@cm%mﬁhnmdmmwﬁemmy
-efficiéncy;..AmeriCa needs .to embrace the cpﬁservafion

ethic.;;" 31
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Since the 1973 o0il embargo, the growing recognition of the
importance of conservation has led to a series of federal programs which
are destined to exert substantial influence on our energy requirements
in the 1980's and beyond.

- Automobile Economy Standards

The 1975 Energy Po;icy and Conservation Act established mandatory
model year average mileage requirements for all new car manufac-
turers. These standards require a 53% improvement in average
mileage for new cars by 1985, when the sales-weighted model year
average must reach 27.5 mpg for each manufacturer. The-mgndatory
standards are backed up by substantial fines for violating firms.

- Gas Guzzler Taxes

The 1978 National Energy Act applies substantial taxes to the
sale of automobiles which exhibit mileage significantly below
the mandatory fleet averages. This prog;am is expected to help
accelerate the elimination of gas guzzlers from the new car
fleets.

~ Building Energy Performance Standards

The Energy Conservation and Production Act requires the develop-

ment of nation-wide energy performance standards for new buildings.
The standards are currently under development by HUD and DOE. As in
the case of automobiles the program will substantially increase the
efficiency of new buildings and, over time, greatly reduce building

energy consumption.



- Retrofit Building Conservation Tax Credits

The National Energy Act provides tax credits to homeowners for
investments in energy conservation. This policy is designed to
accelerate conservation in the retrofit market and to complement
the new building standards. The tax credits are backed up by
programs (also established in NEA) to require utilities both to
offer "turnkey'" energy audits and to offer to arrange for the
installation and financing of conservation measures. Further,
NEA eliminated numerous barriers to comservation retrofit partic-
ularly by broadening the (federal) secondary market for
conservation loan instruments.

Appliance Standards

The National Energy Act strengthened the appliance standards
legislation originally adopted imn 1975. Major appliances will
now be subject to minimum efficiency standa?ds established by
the federal govefnment. These include refrigerators, freezers,
water heaters, room air conditioners, kitchen ranges and ovens,
central air conditioners, furnaces, and clothes dryers.

Direct Federal Subsidies

Several ongoing programs have been established (and strengthened
by NEA) to provide direct grants to low-income persons and non-
profit institutions for the installation of emergy conserving
improvements in buildings. These measures generate both
financial benefits for recipients and energy budget reductions

for the Nation.

37
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~ Federal Energy Management Programs

The President ordered as a part of the National Energy Plan a
20 percent improvement in federal bﬁilding energy budgets by
1985, and a 45 percent improvement for néw feaefal buildings.
The‘National Energy Act established statuatory programs to

allow achievement of these goals.

- Cogeneration

The National Energy Act contains several provisions to accel-
erate thg use of cpgenefation technologies including:
o exemption fprAgogenerators from Public Utility
regulation; |
o requirements that utilities buy back power from cogener-
ators at fair pricgs and providevback-up electric services;
o authority to permit-DOE under certaiq circumstances to |
exempt cogenerators from the cqalkconversiop program;

Industrial Conservation

The National Energy Act also established an additional 10 percent
investment tax credit for ‘industrial investment in alternative
energy property and recycling equipment.

Utility Rate Structures

The National Energy Act requires the development of a number of
voluntary standards of rate design, including time;of—;hg—day-
rates, seasonal rates, lifeline rates, and prohibition of
declining block rates. State regulatory authorities and

utilities are required to consider each standard and determine

if they are appropriate for conservation.
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- Natural Gas Pricing

The regulatory distinction between interstate and intrastate
gas is eliminated. Price controls for various categories

of natural gas will be removed over the next several years.

The convictidn behind government conservation efforts is
demonstrated by the breadth of this program. In the keystone areas of
automobiles and bulldings, mandatory programs have been established to
enc&urage,conservation at an accelerated rate through about 1985.
Mandatory standards are also applied to appliances. These mandatory
programs are backed up by incentive and subsidy programs, especially
buil&ing tax credits and-various_dut;ight grants, to accelerate further
the efficiency improvements for the existiﬁg stock of buildings. These
major program elements are backed uﬁ by State Energy Management Plans
1heavily subsidized by the federal government‘and numerous supporting -
federal_progfams. Fiﬁally, the Department of Energy manages é $7OO
million research and development program to demonstrate new conservation
technologies and acceleréte their adoption.

The scoﬁe of fhe program and its»very recent genesis make
it impossible to offer pfecisé impact estimates. We judge that with
determined implementation and broad public support the program is likely

to result in substantial reductions in long-term energy demand growth.
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B. Additional Federal Opportunities

Passage of the National Energy Act clearly represents a major
step forward on the part of the federal government éoward improving the
Nation's energy productivity. The provisions of the Act will affect
virtually every segment of the economy, and, vigorously carried out,.
it should take us a considerable way toward achieving the many benefits
of conservation identified in Section II. - To ensure effective government-

/

wide implementation of_the five laws constituting the Act, the President,
on September 27, 1978, established a Cabinet-level Energy Coordinating -
Committee whose purpose is to coordinate the many federal agencies
charged with enforcing the many provisions of the Act.

Two of the functions of the Energy Coordinating Committee are
to monitor the NEA's progress and to ''make recommendations for
improvements in the implementation of Federal emergy policies..."
In this section of the report we bring together a number of
recommendations for further possible actions that have been
offered in support of our national conservation effort. Some of
these were proposed by the President iﬁ the 1977 National Energy Plan,

while others have been suggested in studies of conservation

and national energy policy.
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Energy Prices - As the National Energy Plan noted, the price of

energy should "reflect the economic fact that the true value of a
depleting resource is the cost of replacing it.” In other words,
energy prices should accurately reflect replacement costs. For some
time, there has been broad agreement that price may be the most important
policy tool capable of improving the efficiency with which we use energy.
The case for accurate pricing of energy has been strengthéned by recent
price elasticity studies vhich suggest that long-run energy demand may
be roughly twice as sensitive to price as generally estimated only a
couple of years ago.32 If further research confirms this result, it is
likely that energy demand will be even less than is now forecast with the
expected rises in prices. This would make less difficult the problem of
attempting to limit energy demand growth through price increases while
at the same time controlling overall inflatiom.

While important progress has been ﬁade with the passage of the
NEA, a considerable number of the price-related recommendations that
have been offered have not yet been acted upon:33

-Permit oil prices to rise gradually to world levels while

imposing a tax on domestic oil production to avoid excess profits;

revenues from this tax could be returned in a progressive manner

to the public through per capita tax credits.

- Where péssible,.reduce or remove subsidies (such as depletion
allowance and intangible drilling expensing) to energy consumption
and production; until this is accomplished, energy conservation
should receive similar tax advantages and other benefits in line

with its potential.



42

- Require maréinai’cost pricing by utilities, with the windfall"
profit returned difectly from the utility to each customer on a ﬁer
capita bésis with refunds computed separately for various types of
residential and nonresidential sectors.

- Enact pollution taxes supplementary to regulatory actions to.
reflect the environmental costs associated with fuel extiaction and
use.

" These provisions must, of course, be combined with well thought-out
measures to assist low-income people. Utility lifeline rates, for
example, can help ensure that everyone has enoﬁgh energy to meet es-
sential needs.

Existing Conservation Programs - Most of the existing comservation

programs are either relatively new or were only recently mandated with the
passage of the»NEA} Partially because of their newﬂess and the fact
they were created by number of sep;rate pieceé of legislation, many
suggestions have been made to coordinate and improve these effofts:34
~ Ensure thdat the Energy Conservation and Pro&uction.Act building
energy performance standards for new construction require the full
range of cpst—effective energy-saving technology; strengthen -

standards as new technologiés become available, and reward builders

=y

who exceed federal conservation standards.

~ Expand industrial conservation incentives tb’include an édditional
investment tax cfedit for industrial and utility cogeneration
equipment.

- Raise post-1985 fuel efficiency standards above the 27.5 mpg level,

which is far from being a long-term technical limit.
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- Extend efforts to speed the widespread use of paséive energy
conserving designs for buildings.
- Expand use of recycled or refurbished products where the cost is justified
or where necessary to overcome institutional barriers.
- Stfeamline and improve the effectiveness of existing federally
funded regional, state and localvconservation grant programs.
(These programs include the State Energy Conservation Program
created by the Energy Policy and Comservation Act, the Suppiemental.
State Energy Consetvation’Program created Py the Energy Conservation
.and Production Act, the Weatherization Program, the Energy Extension
Service, and NEA-mandated conservation programs for public buildingé.)
~ Expand efforts to determine the conservation benefits of improved
Voltage control -by electric utilities.
- Expand the use of design/performance awards to éncourage energy
efficiency improvemenfs by recogniziné dutsténding-achievements
which increase enefgy productivity.
- Set strict performance standards on the energy efficiency of
common industrial equipment. |

+

Institutional Change - Programs whiclionly improve the energy

efficiency of our everyday equipment and production pfocesses exclude a
very important part of the opportunitiés‘fbr fuel conservation through
system changes. A system change, for example, in the transportation
éector could involve increasing automobile load factors as opposed to
improving the fuel economy of the automobile itself. A number of

opportunities with the potential for saving large amounts of energy have

been noted:35
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Decrease the energy required for commuting by developing
incentives to increase automobile load factors and providing more
energy efficient alternatives (such as buses and van pools).
Remove parking subsidies for government and other employees and
provide greater support for regional transit systems.

Modify the regulations and policies on trucks, railroads, and
pipelines to increase system energy efficiency.

Incorporate coﬁservation provisions into existing regulations on

the use by state and local governments of general revenue sharing

‘funds.

Expand the application of industrial cogeneration technology by
supporting.demonstrations which.involve a variety of institutional
arrangements: utility ownership, industrial owmership, and third
party ownership; examine the adequacy of the changing regulations
for industrial cogeneration associated with the NEA.

Allow exemptions from coal conversion requirements for facilities
uging high—efficiency/high—electricity—to—steam.ratio cogeneration
technologies based on oil and natural gas.

Modify provisions of the Internal Revenue Code which bias
utilities towards capital intensity and away from conservation.
Provide homeowners directly with accurate conservation information
through the use of "house doctors," professionally trained inspec-
tors who could advise householders as to the most cost-effective

conservation investments.
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Involve gas and electric utilities more directly in conservation
by increased efforts to reward utilities for conservation and

the efficient use of existing capacity rather than for capacity
expansion.

Develop energy perfqrmancé standards that are enforceable when
buildingé are sold.

Require utilities to exhaust economically practicable conservation
and renewable energy alternatives prior to initiating new central-
station power plants.

Encourage mortgage extensions for energy conservation investments.
Include heat pumps as approved energy conservation measures
eligible for the residential conservation tax cfedit.

Support land use planning to increase transportation systeﬁ
energy efficiency.

Encourage recycling, mandatory bottle deposit legislation,

the purchase of more durable products, and the use of

refinished or remanufactured products.

Encourage states and localities to consider parking limitations,
gasoline taxes, differentiai tolls, taxi anq bus deregulation, and
auto-free zones and to review freeway construction plans.

Expand efforts to provide more informatioﬁ’on thé benefits of fuel
conservation to the state and local levels;‘provide technicai
assistance to homeowners to identify cost-effective conservation

measures.
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Federal Conservation RD&DAfrqgraﬁs - Funding for energy cqn—'
servation RD&D programs within DOE and its predecessors has increaggd
sé#erél-fold in the last few yéars, from roughly $40 million in FY 1975 to.
more than $320 million in FY»1979. Each of the major program areas (Buildings
and Community Systgms, Industrial,‘and Transportation) has received
substantial increases;in.fuﬁds. But'the Department;s total FY 1979 budget
for conservation ié less than one—third of its budget for energy supply,36

and it contains items which are as closely related to supply as they |
are to conservation (e.g., electric utility system reliability). Further-
more, consefvgtion.research per se is only a relatively small part of

the conservation budget, and most of it is directed to "near term"
rather than "long term" efforts. A large fraction of the projects DOE
terms ''research' are actgally projects which are demonstra;ing existing
technology.

Even.though there has not been a detailed review of DOE's
conservatioﬁ RD&D programs, severél recent studies suggest that large
‘additional energy savings are achiévable through a sharply expanded program
of bésic and appligd research qf an advanced technical nature.37 These
studies suggest a number of rather major changes in DOE's conservation
R&D effort:

- Develop a substantial program in basic and applied research aimed |
at the befter understanding of fundamental processes and proper-

ties of inherent interest to conservation:
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- Restructurethe R&D program explicitly: to éncourége unsolicited
proposals directed toward new ways of doiﬁg things rather than
incremental improvementvs. (The ‘developfnent‘of fundamentally
new processes prdvides the greatest opportunity fqr improVed
productiﬁity.) |
- Provide iﬂcreased‘emphaéis on“énergy transformation and
conversion at the'poinf of end use. Develop more efficient
small-scale conversion systems.
- Expand non-hardware research to improve the understanding of
the relationships among éngrgy, its substitﬁtes, and the ;
econoﬁy. (Tﬁis research includes an examination of existing public
policies (e;g., real estate taxationm, dire@t_and indirect trans-
portation sﬁbsidies, and corporate tax policy with respéct to
R&D and'capital investment) éo as to develbp options fof ‘

consideration.)

C. Opportﬁnities for Individual Actioﬁ

As discussed above, government must play an importaﬁt part to
foster and éncourage for increased energy'préductivity,
but is is the countless deciéibns by individual-citizens that will
utlimately prevail. .The 6pportuhity to iﬁCIease fuel efficiency
rests in large measure on the individual. -

The selection and purchése of more'energy efficient goods and
services is only the most obvious opportunity. ' Individual awafeness
and sensitivity of how equipment is méintained and operated is also

important. .As an example, recent studies examining the energy
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consumption of essentially identical townﬁouses in New Jersey have
found roughly a factor of two spread in the energy used for space
heating.38 This variation was found to be primarily assignable to
the resident. When houses changed owners, new oécupants were found
to consume energy at levels nearly unrelated to their predecessors.
There are many detailed reviews of suggested individual action
related to energy productivity.39 Some of the more important
suggestions includé:

- Make fuel economy an -important consideration in the purchase
of your next. automobile.

- Reduce the amount of energy used. for commuting. If possible,
walk or bicycle to‘work;.if not, use public tramnsportation,
join a car pool, or organize a van pool.

- Make sure your home is energy efficient with ample insulation,
storm windows and weather stripping. If applicable, use the
conservation tax credit to help lower the cost of reducing energy
needs.

- When searching for a new house or apartment, carefully evaluate
the expected energy costs related to operation and maintenance.

- When purchasing appliances and other power equipment, carefully
consider the differences in energy efficiency so as to factor
into the decision the reduced operating costs of the more |
efficient models.

- Keep major energy-using equipment in good condition (e.g.,

automobiles, furnaces, air conditioners, and heat pumps).
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In our homes, offices, and factoriés, as well as in transportation,
there are many clearly identified opportunities: for using energy more
thriftily. The éhoice that we face is one of making enlightened
investments in comservation now in order to avoid dislocations and
environmental problems in the future. Wise.ene}gy planniﬁg'requires the
clear recognition that our energy problem is long-term in nature and
that our quality of life can only be enhanced b& emphasizing the

efficient use of our energy resources. .
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